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CHARGE EXCHANGE IN ZINC-NEON 

hy Donald L. Chubb 
Lewis Research Center 


ABSTRACT 

Excitation of the 4d and 5p levels of Zn*^ by charge exchange 
between Ne*^ and Zn was Investigated. From measured electron temperature 
and line intensity ratios it was concluded that charge exchange is the 
dominate mechanism for populating the 4d^D3/2 level of Zn***. Comparison 
of Zn-Ne and Zn-Ar results imply the same conclusion. No 
charge exchange as the dominant pumping mechanism for the 
5p^P3/2i or 4d^D3/2 levels was obtained. 


evidence for 

5p2Pl/2. 


INTRODUCTION 

In Investigating lasing in He-Ne-Zn, Collins^ observed evidence for 
charge exchange between Ne*^ and Zn atoms to produce excited Zn*^ ions. 

The observed reaction was the following. 

Ne'*’ + Zn -*■ Ne + Zn'^’CAd^D^^^ or ^d^D^/2^ 


where AE ■ Ifjg - (I^n energy defect 
potential and E is the excitation potential. For 
AE ■ 0.155 eV and for Zn'*‘(4d^D5/2) 4E • 0.149 eV. 


, I is the ionization 
Zn-*- (4d2D3/2), 


If the cross section for the reaction described by Equation (1) is 
large enough, it may be possible to selectively populate the 4d levels 
in Zn-*-. In this case lasing may occur at wavelengths of 2064 2102 R, 

or 2100 & for 4d -*■ 4p transitions. As a result, an experimental in- 
vestigation of the Zn-Ne system was undertake.!. The experiment was simi- 
lar to one used to study charge exchange in Ca-Xe^. A steady-state flow- 
ing Ne plasma was produced in a low power (500 W) arc source. Zinc was 
injected into the plasma beam where charge exchange occurs between Ne-** 
and Zn. From relative intensity and electron temperature measurements 
it is possible to determine if charge exchange or electron collisional 
excitation is responsible for populating a particular level of Zn**-. 

In addition to charge exchange to the 4d levels of Zn***, there is 
also the possibility of charge exchange to the 5p levels since AE is 
small. 


Ne'*’ + Zn -*• Ne + Zn'''(5p^Pj^^2 

For the 5p^P3/2 level, AE ■ -0.397 eV and f< r the l<^vel, 

AE > -0.426 eV. In analyzing the experimental data charge exchange to 
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both th« 4d and Sp levels will be considered. 


ANALYSIS 

By relating the measured Intensity ratios to the power Input to cue 
plasma stnirce. It Is possible to deduce whether charge exchange or elec- 
tron collisions are responsible for populating a particular level. The 
Intensity ratios are related to the electron temperature throurli the use 
'if the continuity equations for the various levels. Also, the electron 
temperature was measured as a function of power Input. As a result, a 
relation between Intensity ratios and power Input Is obtained. 

Figure 1 shows an energy level diagram . the zinc Ion. Also shown 
are the relevant wavelengths and trarsltlon probabilities A^j. 

The transition probabilities were calculat i using the Bates-Damgaard^ 
technique at Colorado State University.^ The solid lines Indicate the 
transitions where Intensity measurements weie made In this experiment. 

It was not possible to measure the 5p -> 5s transition Intensities be- 
cause the monochromator used had a wavelength limitation of 7000 A. 

The continuity equation under steady-state conditions^ for the 1^^ 
level In Figure 1 states that the sum of the net colllslonal pumping rate, 
W^, and spontaneous decay rate Into the 1^^ level from levels above the 
1 th equal to the spontaneous decay rate from the 1^^ level. 

8 1-1 

^ “ "l ^^IJ 

j-1+1 J-1 

The number density of the 1^^ level Is denoted by n^. The colllslonal 
pumping rate, W^, Includes both electron excitation and charge transfer 
collisions. All cascading from levels above the 5p has obviously been 
neglected. Charge exchange pumping Is not Jxoected for levels above the 
5p. As a result, any contributions to Equation (3) resulting from cas- 
cading will be Independent of charge exchange. Therefore, all charge 
exchange contributions to the population of the 5p or 4d levels are 
Included In Equation (3). 

Using Equation (3) for the eight levels In Figure 1 the measured 
Intensity ratios can be related to the pumping rates of these levels. An 
Intensity ratio Is related to the level number densities by the following 
relation. 



A, ,A 

pq 

pq iJ 



(4) 


Therefore, applying Equation (3) to the eight levels In Figure 1 yields 
the following results. 
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,2064 2558 ^ / *42 *43\ “5 

*2558 ■ ms A„ \a 5 j 4 A 53 J W„ 

where 

W - W, + W, + Wq 
u 4 7 8 

In obtaining Equations (5) to (10) the approximations A^^ >> 
a.id Ag^ >> Ag 3 , Agg, Agj^ have been made. 

To relate the Intensity ratlob to the electron temperature, the pump- 
ing rates, must be expressed In terms of the plasma properties. It 
Is assumed that electron collisions and charge exchange v*th Ne*^ can pump 
the 4d and 5p levels. However, only electron colli Jlons are assumed 
to pump the 5s and 4p levels. 

Electron collisions between any of the many Zn and Zn*** levels can 
produce Zn*^ In the eight levels shown In Flgur<^ 1. However, because of 
the large energy difference becwsen Zn atom states and these Zn*** states, 
w<> neglect electron pumping of these levels resulting from electron-Zn 
atom collisions. Therefore, the only electron pumping to be considered 


( 10 ) 


( 11 ) 
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will be uxclCaCion from low energy Zn etatee to higher energy Zn 
excited states. Aa a result, the electron pumping rate for any of the 
excited Zn*^ levels is the following. 




1-1 




( 12 ) 


The term S^. , which is a function of the electron temperature, , is 
the collisional rate coef^..cient (m^/sec) for excitation of the jth level 
resulting from electron-iih level Zn~^ collisions. 

hi ^ (‘“ij <“) 

where (Ojj)^ is Che electron excitation cross section for i J tran- 
sitions, Vg is the electron velocity, and ^ ^denotes an av.trage over 
the electron distribution function. 


For analyzing the experimental data it is only necessary to know 
whether S^j is an Increasing or decreasing function of electron temper- 
ature. Therefore, consider two functional forms for o^j that should be 
reasonable approximations for Zn'*'. First of all, it has'^been suggested^ 
that (Oij)e * 1/v^. In this case for a Maxwellian electron distribution 
is Che following. 

®IJ • **'’(■ “'ij’e • 7 

'^e 

where - Ej - is the energy difference between the J and 1 

levels, k' is the Boltzmann constant. The electron excitation ra^e coef- 
ficient given by Equation (14a) increases with Tg until kTg ■ 2E^i 
and then decreases for kTg > 2E^j . The constant Cj^j has two different 
forms depending on whether the transition is allowed or forbidden. Re- 
cent experimental results” for 4s -► 4p electron excitation in Ca"*’ sug- 
gest that (<^ij)e ~ constant is a good approximation for low electron 
energies. In this case for a Maxwellian electron distribution S^j is 
the following. 



K^j4cT7 




exp 



(Oij)e ■ constant (14b) 


This is a monotonically increasing function of T^. 


In this experiment kT^ < 2E^. for the i J transitions of in- 
terest (denoted by solid lines in rig. 1). Therefore, assuming that 
reasonable approximations for ; are given by either Equations (14a) 
or (15b), then it can be concluded that S^j will be an increasing 
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function of T, fur the transitions dsnotsd by solid linss in Figure 1. 

For the esse of charge exchange, only collisions betweeti Ne*^ and Zn 
ground state stons need be considered. There' ore, the charge exchange 
pumping rate to the ith level is the following: 

<”j>c - VNe-^oJ 

where n^ ia the number density of ground state Zn atoms, n^^^ is the 
number density of Ne'*’ and is the rollisionsl rate coefficient 

(m^/sec) for charge exchange excitation of the Jth level resulting from 
Zn-Ne*^ collisions. In this experiment the relative velocity U between 
Ne*^ and Zn, is much greater than the ton thermal speed. Also, assuming 
the charge exchange cross section, o^^, is nearly independent of U the 
charge exchange rate coefficient can be approximated as follows. 

■•oj • “■’oj <“> 

Equation (16) shows that the charge exchange rate coefficient is inde- 
pendent of T^. 

Using Equations (12), (15), and (16) the intensity ratios can now be 
written in terms of the plasma parameters. For comparison with the ex- 
perimental data, two limiting forms of the intensity ratios are necessary. 
First, when electron pumping of the 5s, 4d, and 5p levels of Zn*^ is 
negligible. Second, when change exchange pumping of the 5s, 4d, and 5p 


levels is negligible, '..'hen electron pumping is negligible 

^“u^c “ "o"Ne'^'^^®07 °08^ 

<“5>c ■ "o"Ne^°05 ' 

<'^6>c " VNe+^'^Ob 

And since only electron collisions can pump the 4p levels, 

W2 - n^njSj2 (17d) 

W 3 - "e’'i^l 3 


Since levels 2 and 3 have nearly the same energy, they should be close to 
being in equilibrium. Therefore, deexcitation (3 -* 2) should nearly bal- 
ance excitation (2 3). As a result, an S 23 term in Equation (17e) 

has been neglected. 

Substituting Equations (17) in Equation (5) yields the following re- 
sult for the T^ dependence when charge exchange predominates over elec- 
tron pumping of the 5s, 4d, and 5p levels. 
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(20) 


Consider how the term N given by Equation (19) depends on the electron 
temperature. As the electron temperature increases, more ionization of 
Zn and Ne will occur. Therefore, in order to maintain charge neutrality 
(n, • nj^ -f , n,, nj^, and will all be increasing functions of 

Tg, while tIq will decrease with increasing T^. Also, in order to sat- 
isfy n^ « n^ -f the mean ion density, cannot increase faster 

th«n n^. Therefore, the term N will be an increasing function of T^. 

As has already been pointed out, is an increasing functior. of T^ 

for this experiment. As a result, the intensity ratio will be a 

decreasing function of Tg if charge exchange is much greater than elec- 
tron pumping of the 5s, 4d. and 5p levels of Zn*^. The same conclusion 
applies to the R^^^^ • intensity ratios. 

Now consider '.he intensity ratios ^nd charge 

exchange pumping of the 4d and 5p levels. Equations (9) and (10) 
yield the foil ^ing. 



. 2558 ^43 / °06 \ 
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) 


( 21 ) 


( 22 ) 


Equations (21) and (22) show that and R^^|g will be independent 

of the electron temperature if charge exchange is the dominant pumping 
mechanism. 


Now consider the situation when only electron collisions are respon- 
sible for populating all the Zn^ levels. For thio experiment RTg • 10 eV. 
Therefore, it is expected that the 4s and 4p levels of Zn*^ will be 
higtily populated. As a result, there will be significant electron colll- 
sional excitation from the 4p levels to the 5s and 4d levels. How- 
ever, since the energy of the 3p levels is greater than the energies of 
the 5s and 4d levels and also since 5p -> 4p is a forbidden transi- 
tion the densities of the 5p levels should be negligible. As a result, 
the 5p levels are neglected in Equation (3) for the case of electron 
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pumping only. Also, since the ^P^**iy2 ^P^**3/2 very 

Close in energy, E 23 * 0«1 eV, they snould be close to being in equi- 
librium. Therefore, 



(23) 


witere g denotes the degeneracy of a level. Experimental results indi- 
cate that no/n 2 is independent of T^. This will be discussed further 
in the EXPERIMENTAL RESULTS section. Since the energy difference (-11 eV) 
between the 4s and Ss levels and the 4s and 4d (-12 eV) is large, 
as well as the transitions 5s ■* 4s and 4d * 4s I eing forbidden, it is 
reasonable to assume S^^^ ■ Sj ^5 ■ Sj^g ■ 0 . 

2 

Under the above assumptions. Equation (3) for the ^5/2 level 
(i > 6 ) and Equation (4) yield the following. 



2025 1 /"2 , 

2105' A^^ ^n^ ^26 


" * 36 )". 


(24) 


It has already been pointed out that all the electron excitation rate 
coefficients, S^ i , will be increasing functions of Tg. Also, n^ will 
increase with increasing T.. Therefore, with the assumption that 


2100 


‘'2^*'3 “ constant. Equation (24) shows that 
‘ ■ rjn collisions ar 

Vhis same conclusion applies to 


function of Tg if electron collisions are the dominant pum 
nism of all the levels, 
and r2558 


will be an Increasing 
g mecha- 


'2025* 


Again, under the above assumptions. Equation (3) for the 4d^D5y2 


level (i ■ 6 ) and the 
yield the following. 


5 s^Si /2 (i ■ 4) level together with Equation (4) 


Assume that E 
tion rate coef 


f 2100 \ 

2558 ^42 \3 

V 2558/^ 

“ 2100 A,, 

43 

26 * ^36 
f icients 

and E 24 * ^ 34 ’ 
in Equation (25) 


rn- 

— S-, + S,. 
n^ 26 36 

”2 

^24 ^34^ 


(25) 


Then if all the electron excita- 
behaved according to Equations 
(14a) or (14b), ( 82 ^^^)^ would be an increasing function of T^. How- 
ever, since it is not clear that all have the sam Tg dependence, 

it is not possible to conclusively state whether ( 8233 g)g should be an 
increasing or decreasing function of Tg. The same conclusion applies to 

Now consider the situation when charge exchange populates the 
4d2o3/2 level but electron collisions populate the other levels. The 


8 


dependence of ^2025 same as that in Equation (18) 

(0Q5 ■ 0q 7 " *^08 " ^ assuming Wg >> W^, Wj). Therefore, 

if charae exchange is the mechanism for populating the 4d^Dj^2 level, 
the Intensity ratio will decrease with Increasing T^. The re- 
sult for R2^9g ie obtained by substituting • n^(n2S24 n3S34) and 

Equation (l7c) in Equation (9), 

(f255s)^_^ ' [^’(^24 KJ ^ 34 )] 

where 


"o'S<e'^ 

Similar to N the quantity, N* will be an increasing function of T^. 
Also, $24 and • S3, are increasing functions of T^. Therefore, since 
H3/n2 constant Equation (26) shows that 82558 decrease with 

increasing Tg if the level is pumped by charge exchange and 

all the other levels by el.«ctron collisions. 


(26) 


(27) 


EXPERIMENTAL RESULTS 
Zn-Ne R<*»u'.ts 

The experimental apparatus used foi this experiment is described in 
Reference 2. A steady-state flowing neon plasma is produced in a low 
power arc source. The velocity of the flow is the order i'" 10^ cm/ser. 
Zinc is injected into the flow by sublimation from a zinc ribbon. The 
zinc ribbon was wrapped around a nichrome wire which was resistively 
heated to zinc sublimation temperatures. Varying the amount of zinc in- 
jection had negligible effect on the intensity ratios to be discussed 
below. 

Electron temperatures were measured with a double Langmuir probe. 

The double probe cannot be used in a plasma that is seeded with a metal. 
In such a situation the probe becomes contaminated with the metal so that 
reliable probe current versus probe voltage data cannot be obtained. 
Therefore, probe data was taken only in pure neon. 

Relative intensity measurements were made with a 1/2-m focal length 
scanning monochromator. The monochromator viewed the plasma through a 
quartz window in the region where zinc was injected. In the wavelength 
region (2000 X - 2600 %) where the intensity measurements were made, the 
monochromator transmission changes rapidly with wavelength. As a result. 
It was not possible to obtain an accurate calibration of the monochrom- 
ator. In presenting the intensity ratio data, therefore, the intensity 
ratios have been normalized. Normalization will remove the monochromator 
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Cransmiaiion from Che results. The maxi mu i intensity ratio was chosen as 
Che normalization factor. Normalized infi'sity ratios will be denoted 

as R. 


In the ANALYSIS section the approximation n 3 /n 2 " constant was 
used. From the measured intensity ratio 0<2oS2^m ' {^■■ible 

to evaluate this approximation. The measured intensity ratio, 
is related to the actual intensity ratio as follows. 



^2025 

^2062 


2025 

2062 


2062 ^2025 ^31 

^2062 ^21 "2 


(28) 


where T. Is the transmission of the optics (window, monochromator, and 
PM tube)''at wavelength X. As mentioned above, it was not possible to 
get an a<:curaCe measurement of T^. However, for the Zn*Ne data reported 
here (RJooz) varied from 1.27 to 1.39. Since this is less than a 10 
percent variation, the approximation n 3 /n 2 ■ constant appears to be 
valid. 


Figure 2 shows and R^ob5 as functions of the input power 

to the plasma source. Also shown is the electron temperature in pure Ne. 
With the addition of Zn Che magnitude of T^ should be reduced but not 
the shape of Che T^ versus power input curve. For input power, , 
below 280 watts, Che electron temperature behavior is erratic. However, 
for 280 ^ Pi <. 460 watts Che electron temperature is an increasing 
fu JCion of Pi. 


For 280 _ Pi <. 460 watts Che intensity ratio R 2 O 23 decreases. 
As discussed earlier, this is the electron temperature dependence ex- 


pected if charge exchange is the predomina^ 
and 5p levels (see Eq. (18)). However, ^o62 


ymping mechanism of the 4d 
increases with increas- 


ing Tg. This is the Tg dependence expected if all the levels are 
pumped by electron collisions (see Eq. (24)). Obviously, both conci- 
sions are not possible. However, this is the expected result for 
and if charge exchange is the predominate pumping mechanism 

for the %d^D 5/2 level while electron collisions are responsible for 
populating all other levels. In this case. Equation (18) would apply for 
with m <jq 2 ■ cgg “ 0. But 

(24) would apply for 

mil *’i 


'2025 °05 
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an indie 
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Inate from the 
must be the 
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5)/2 


uat ions of 

watts 
Since both the 
level, the 



Te 


Che same 
, and 

(Fig. 3) do not 
2502 and 2558 
Tg dependence of 


depend- 
The ra- 
how a 


2025 


same. Therefore, the data of Figure 3 are 
of the experimental error Chan a clear indication that 
are increasing or decreasing functions of Tg. 


Data in Figure 4 also Indicate that charge transfer is populating 
the ^(*^*^5/2 level while electron collisions are responsible for the 
population of all other levels. The intensity ratio shows a def- 

inite decrease with increasing Tg for > 280 watts as expected ( >ee 
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£q. (26)). There is no clear indication that either an in- 

creuing or decrear.ing function of T^. Within the experimental error, 
would appear to be independent of T^. Aa discussed earlier (aee 
Eq. (22)), R^9vg would appear independent of T, for ch^.^c exchange 
pumping of the 4d and 5p level*. However, when charge exchange is 
negligible (aee Eq. (25)) it is net poaaible to conclude if 
should ' ease or decrease with T,. 


Zn-Ar Keaults 


2 

Furtlier evidence for charge exchange pumping of the 4d^D3/2 level 
is obtained by comparing results in Zn-Ar with the Zn-Ne results. In 
Zn-Ar electron pumping !■ the only likely mechanism for populating the 
4d and Sp levels and will be given by Equation (25) and a 

similar expression for 1 ^ ** possible that charge exchange to 

to the 4p levels of Zn*^ may occur (AE ■ 0.355 eV) , however, this will 
not effect *nd ^ 55 g* 

The resulta for ^553 *nd ^2558 Zn-Ar ore shown in Figure 5 
together with Tg resulta in pure Ar. The electron temperatures in Ar 
are lower than in Ne and show the same erratic behavior for low input 
powers. The intensity ratios show rather inconsistent behavior also. 

As pointed out in ttie discussion following Equation (25) ll.is not pos- 
sible to predict the electron temperature dependence of (R^eco). and 

It is of interest to compare the magnitude of 82 ^ 5 ^ >nd 8 ^^^^ 
in Zn-Ar with the Zn-Ne results. The ratio of for Zn-Ne to 

toi Zn-Ar U 1.26. The ratio of ( 8 ^ 55 ^') for Zn-Ne to ^85§5S) for 
Zn-Ar is 0.75. Note that it is the average measured intensity ratios 
that are being compared, not the normalized intensity ratios shown in 
Figures 4 and 5. The average value in Zn-Ne was computed using the data 
points for 285 i Pi i 520 watts. In Zn-Ar the average value was com- 
puted using the data for 250 1 Pi 1. 320 watts. These are the power 
ranges where Tg Is an increasing function of power input. Pi. 


If electron collisions are populating the 48 ^ 03^2 ond 4d^D^^2 
levels in both Zn-Ne and Zn-Ar then the ratios should be nearly equal. 
However, the ratio is nearly twice the R^^|g ratio. Since 

electron colllsional pumping cannot produce such a result, it is con- 
cluded that charge transfer must be responsible for pumping the 4dZD3^2 
level in Zn-Ne. 


Zn. 


Charge Exchange Cross-Section Limit 

Collins^ measured the total charge exchange cross-section for He'*' on 
He gives a value of 2.3*10"15 cn". The results of this experiment 


indicate a much larger cross section for the level than the 
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4d^D3/2 l«v«l. A lower limit on how much larger the 4d^D5y2 croes 
eection, oo6i !■ the 4d^D3^2 croee eection, oqj, can dc obtained 

from the data. 

Uaieg Equationa (3) and (4) for the 4d^D3y2 (1 * S) *n<i 4d^D5/2 
(1 ■ 6) levela together witii Equation (17c) and 

4 

“s • Xy Vl5 * "o"N.+ "‘bs 

1-1 


the following la obtained: 


where 


!2i 

2100 2064 S 2 * ^53 °05 

'^2064 " TIM Ajj F(T.) 1 


F(T.) 


^VNe-»- 


V^n S ^ 

Lj i i^l 
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(30) 


(31) 


The measured Intensity ratio, Zn-Nc was found to be approxl 

mately 1.9. Therefore, using Equat Ion (30): 


°05 


"^2064 ^52 ^3 

^2100 ^53 


(F(T^) + 1] 


(32) 


The function F(T^) Is the ratio of electron colllsional pumping to charge 
exchange pumping of the 4d^D3y2 level. As already discussed, the exper- 
imental results show that electron pumping predominates over charge ex- 
change pumping of the 4d^D3/2 level. Therefore, F(T^) > 0. Using the 
transition probability data in Figure 1 and the estimated trarsmlssion 
ratio ' 12064/^2100 * following lower limit is obtained. 


f06 

°05 


> 


1.8 


(33) 


Tne energy difference between the 4d^D3/2 *od 4d^D3/2 levels Is 
small ("O.OOb eV) . Therefore, It was expected that each of the states of 
the J - 3/2 and J - 5/2 levels to have the same probability of being 
populated by charge exchange. As a result. It Is expected that the cross 
section ratio, Oo6/‘^05> should equal the ratio of statistical weights, 
3/2. However, the experimental results Indicate a lower limit of 1.8. 

In the case of Ca-Xe (Ref. 2) for charge exchange to the 4d^D3y2 and 
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Ad^D3/2 levels of Ca'*’, it was found that the ratio of cross sections was 
*•1.13, which is close to the statistical weight ratio 3/2. However, for 
Ca'*’ the energy difference between !• less thw 

0.003 eV. Turner-Smith^ et al. investigating Zn-He found for the 6p2pj^2 
and bp^P]/2 levels (energy difference • 0.009 eV) a charge exchange 
cross section ratio of 7.5 compared to a statistical weight ratio of 2. 
For the 5d^D5/2 ^<^^^3/2 l^*v«le the energy difference is only 

0.003 eV and the experimental result^ for the crosi* section ratio is 1.8. 
This agrees fairly well with the statif^tlcal weight ratio of 1.5. 


Melius^ has presented arguments as to why two nearly resonant atomic 
states, such as 4d^D5/2 and 4d^D3^2 could have substantially differ- 
ent charge exchange cross sections. As Melius shows, the Important re- 
gion for charge transfer occurs at large intemuclear separations. At 
these large distances the Ne'*’ (^^ 3 / 2 * ^^1/2^ atom have not 

yet interacted. Thus the various molecular ] 


obtained by combining Ne*^-Zn will remain essentially flat. 


potential curves which can be 


For Ne 'omblnlng with Zn"*” (4d2ojy2t 4d^D3^2) five molecular 

states can be three of them (Ei/2t ’^3/2» ^b/2^ correlating with 

4dj/2 •*'‘1 ^"l/Z* ^ 3 / 2 ^ correlating with 4d2o3/2. The 

state will oe repulsive (due to Pauli exclusion) at much larger values 01 
inwcn.ucleur separation than the remaining molecular states. Because of 
the slightly positive value of energy defect, the ^ij2 atate will have 
its molecular potential energy curve cross those of tne incident Ne'^-Zn 
system at a large value of separation giving rise to a large cross sec- 
tion. As Melius® discusses, if the 4d^D5/2* ^3/2 aplitting is too 

large, a fine structure transition from the 5/2 to the 3/2 state will be 
impeded and the outgoing system will preferentially remain in the 4d^D5/2 
state. 


For Zn-Ne"*^ charge t-ansfer to the 5p levels of Zn"*", the energy de- 
fect is less than rero (&L 0). Therefore, the potential energy curves 

for N^(2p3/2, ^Pi/2> * and Ne(lSo) - Zn-*-(5p2Pi/2. 

not intersect.. If the charge transfer process can be described by curve 
crossings of molecular states formed during the collision, then for 
4E < 0 , no charge exchange is expected to occur.® No experimental evi- 
dence of charge exchange to the 5p levels was obtained. This implies 
that the curve crossing model is applicable in the Zn-Ne system. 


CONCLUSION 


Experimental evidence indicates that charge exchange between Ne*^ and 
Zn is the dominate pumping mechanism of the Zn^{^drZi^i 2 ) level. The in- 
tensity ratics which are proportional to the ratio of 

the 4d2D5/2 to 4p‘P3/2 level and 4d2Dj/2 1° 5s2s3/2 level number 

densities, are decreasing functions of the electron temperature. This is 
the expected result if charge exchange is responsible for populating the 
4d2o3/2 level. A comparison between Zn-Ar and Zn-Ne data also indicates 
charge exchange pumping of the 4d2D5^2 level. In Zn-Ar only electron 
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colllsioni can populate the 4d and Sa levcla. It was found that the 
ratio Zn-Ne/^R^^^§) Zn-Ar was nearly twice the ratio 

(r 2064) Zn-Ne/^R^^IJ) Zn-Ar. If electron collislonal pumping is populat- 
ing both the 4d^D3/2 and 4d^D3/2 levels in Zn-Ne then these two ratios 
should be nearly equal. Since this is not the case, it is concluded that 
charge transfer must be responsible for pumping the 4 d^D 3 y 2 level. 

There is no evidence to indicate that charge exchange is the dominate 
pumping mechanism for the 4 d^D 3 y 2 i o*' ^P^** 3/2 l«vels, which 

also have small energy defects, AE. 

A lower limit of 1.8 was obtained for the charge exchange cross 
section ratio, Oo 6 /oo 5 » ®06 cross section for the 4 d‘D 5 y 2 

level and 095 i« the cross section for the 4 d^D 3/2 level. 
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Figure 1. - Energy level diagram for zinc ion. 
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